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FOREWORD 

Project P a t h f i n d e r  i s  a research and technology program which w i l l  
a l low the Nat ional  Aeronautics and Space Administration (NASA) t o  
s t rengthen  t h e  technology base i n  support  of t he  c i v i l  space pro- 
gram and enab le  a broad set of new space  mis s ions .  Through 
Pa th f inde r ,  t he  NASA Off ice  of Aeronautics and Space Technology 
(OAST) w i l l  develop a v a r i e t y  of high leverage  technologies  that  

w i l l  support  a range of f u t u r e  missions inc luding  a r e t u r n  t o  t h e  
moon t o  b u i l d  an outpost ,  p i l o t e d  missions t o  Mars, and cont inuing 
explora t ion  of o the r  p lane ts .  

NASA's p o t e n t i a l  missions t o  the moon and t o  Mars w i l l  require  the  
u s e  of o r b i t i n g  spacec ra f t  w i t h  smal le r  modules t h a t  w i l l  go t o  
and from t h e  luna r  or plane tary  surface.  T h e  c a p a b i l i t y  f o r  au- 
tonomous rendezvous and docking w i t h  t h e  o r b i t i n g  element i s  re- 
q u i r e d  for  both manned and unmanned missions.  T h e  Pa th f inde r  Au- 
tonomous Rendezvous and Docking Project w i l l  develop and v a l i d a t e  
t h e  technologies  for t h i s  new c a p a b i l i t y .  The p r o j e c t  w i l l  focus 
on the development of sensors  and mechanisms, t r a j e c t o r y  c o n t r o l  
requirements and techniques for  opera t ions  i n  luna r  and p l ane ta ry  
o r b i t s ,  and a s s o c i a t e d  guidance, naviga t ion ,  and c o n t r o l  a lgo-  
r i t h m s .  P ro to type  hardware and sof tware  w i l l  be developed and 
demonstrated i n  test beds,' f l a t - f loo r  fac i l i t i es ,  and i n  f l i g h t .  

For a d d i t i o n a l  information on t h e  Autonomous Rendezvous and Dock- 
ing P r o j e c t  or t h i s  document, p l e a s e  c a l l  t he  OAST Information 
Sciences and Human Factors Division (RC), a t  e x t .  2743. 
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SECTION 1 

IITRODUCTIOI 

1.1 Objoctivos of this Documoat 

T h i s  is  t h e  Autonomous Rendezvous and Docking Program Plan.  It 
provides  top-level ,  a u t h o r i t a t i v e  guidance and information on the  
scope, content ,  and long-range p lans  of the Autonomous Rendezvous 
and Docking Program. T h e  ob jec t ives  of t h i s  document are comple- 
mentary t o  t h e  Pa thf inder  Program Plan.  T h i s  document d e f i n e s  a 
work breakdown s t r u c t u r e ,  and t e c h n i c a l  goa l s  and o b j e c t i v e s  f o r  
t h e  Pa thf inder  Autonomous Rendezvous and Docking e l emen t .  A man- 
agement approach, p a r t i c i p a t i n g  c e n t e r  roles and r e spons i -  
b i l i t i e s ,  schedules ,  mi les tones ,  d e l i v e r a b l e s ,  and long-range 
p lans  are def ined.  

1.2 Pathfinder Program 09orviow 

Pathf inder  i s  an i n i t i a t i v e  t o  develop c r i t i ca l  c a p a b i l i t i e s  f o r  
t h e  f u t u r e  of t h e  c i v i l  space program. Pa thf inder  does not ,  i n  it- 
se l f ,  represent  a commitment t o  any p a r t i c u l a r  mission.  However, 
through Pathf inder ,  t h e  NASA Off ice  of Aeronautics and Space Tech- 
nology (OAST) w i l l  develop a v a r i e t y  of high-leverage technologies  
t h a t  can be appl ied  i n  a w i d e  range of p o t e n t i a l  f u t u r e  NASA m i s -  
s i o n s .  P r o j e c t  P a t h f i n d e r  is organized  i n t o  f o u r  programmatic 
t h r u s t s :  

(1) Exploration 
(2) Operations 
( 3  1 Humans-in-Space 
( 4 )  Transfer Vehicles. 

The Autonomous Rendezvous and Docking Program (AR&D) i s  one of 
f i v e  elements under Operations. More information on Pa thf inder  can 
be found i n  t h e  P a t h f i n d e r  Program Plan. 

1.3 Mission Studies and Tochnology Requirements 

Pa th f inde r  focuses  on c a p a b i l i t i e s  r equ i r ed  f o r  both manned and 
unmanned missions t o  the  Moon and Mars. Most of t h e  mission sce- 
na r ios  r equ i r e  t h e  use of o r b i t i n g  spacecraf t  w i t h  smaller modules 
t h a t  w i l l  go t o  and from t h e  luna r  or p l a n e t a r y  s u r f a c e .  Ren- 
dezvous and docking operations are required.  Autonomous rendezvous 
and docking a r e  enabl ing technologies  f o r  unmanned missions where 
s i g n a l  delays preclude t e l eope ra t ions  . Autonomous rendezvous and 
docking a r e  enhancing technologies  f o r  manned m i s s i o n s ,  i n  which 
these c a p a b i l i t i e s  reduce crew workload and p o t e n t i a l l y  improve 
performance when long-duration missions a f f e c t  the  c u r r e n c y  of p i -  
l o t i n g  s k i l l s .  Precursor  missions such as  t h e  Mars Rover/Sample 
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Return (MRSR) are an a p p l i c a t i o n  of autonomous rendezvous and 
docking. 

The ARhD Program involves  dual  development pa ths ,  keyed t o  t h e  
r e a d i n e s s  levels of enabl ing t echno log ie s  and mission require- 
ments. N e a r - t e r m  demonstrat ions of ARCD c a p a b i l i t i e s  w i l l  use  
technologies  which can reasonably a t t a i n  a Technology Readiness 
Level of 5 (as def ined by OAST; see f i g u r e  1) i n  t he  F Y  '90 - ' 9 1  
t i m e f r a m e .  Far-term demonstrat ions of ARbD c a p a b i l i t i e s  w i l l  
incorpora te  technologies  expected t o  a t t a i n  a Technology Readiness 
Level of 5 i n  t h e  FY '93- '94 timeframe. 

7 ENGINEERING MODEL 

TECHNOLOGY TOTYPE/ENGINEERlNG 
ODE1 TESTED IN ENVIRONMENT 

OMPONENT/BRASSBOARD TESTED IN 

EMONSTRATION 

2 CONCEPTUAL DESIGN FORMULATED 
w & 

7 BASIC PRINCIPLES UNDERSTOOD 

Figure 1 - OAST Technology Readiness Level definition. 

1 . 4  Technology Assessment 

There  i s  no c u r r e n t l y  va l ida t ed  autonomous rendezvous and docking 
c a p a b i l i t y .  Current methods r equ i r e  ex tens ive  ground support  and 
f l i g h t  crew p a r t i c i p a t i o n .  The rendezvous phases of missions a r e  
based on s i g n i f i c a n t  ground t r a c k i n g  of s p a c e c r a f t .  The docking 
phase r e q u i r e s  c o n t r o l  by an  observer  on one of t h e  s p a c e c r a f t .  
T h i s  degree of observat ion i s  n o t  a v a i l a b l e  for unmanned Mars ve- 
hicles and t h e  communication t i m e  de lays  preclude c o n t r o l  through 
t e l eope ra t ions  f r o m  Earth.  

. Manual rendezvous and docking opera t ions  on manned Mars missions 
r e q u i r e  high l e v e l s  of p i l o t i n g  s k i l l s ,  which would be d i f f i c u l t  
t o  r e t a i n  during t h e  long t r a n s i t  t i m e s  between E a r t h  and Mars or- 
b i t s .  Automated support  t o  rendezvous and docking of manned Mars 
veh ic l e s  would inc rease  t h e  r e l i a b i l i t y  and performance of these 
ope ra t ions .  Autonomous navigation and t r a c k i n g  c a p a b i l i t i e s  would 
s t i l l  be requi red  because of t h e  l i m i t a t i o n s  of uround t r a c k i n a  i n  
a Mars o r b i t  and t h e  communication t i m e  de lays  between t h e  E i r t h  
and Mars o r b i t .  
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Implementation of autonomous rendezvous and docking requires de- 
velopment of s e v e r a l  c r i t i c a l  technologies:  (1) sensors  f o r  long- 
and short-range navigat ion;  ( 2 )  guidance, navigat ion,  and c o n t r o l  
(GNLC) a lgori thms and t r a j e c t o r y  con t ro l  techniques f o r  rendezvous 
and docking of manned and unmanned veh ic l e s  i n  luna r  or p lane ta ry  
o r b i t s ;  and ( 3 )  docking mechanisms which are unique to t h e  Mars 
environment and accommodate long-periods of dormancy. 

Measurements of r e l a t i v e  pos i t ion ,  ve loc i ty ,  a t t i t u d e ,  and a t t i -  
t ude  rates are cr i t ical  t o  rendezvous and docking opera t ions .  The  
onboard rendezvous senso r s  on the S h u t t l e  (star tracker, ren- 
dezvous radar) are inaccurate  w i t h  respec t  t o  performance expecta- 
t i o n s  f o r  planned unmanned systems, and r e q u i r e  ex tens ive  crew 
monitoring. By design, they a r e  inadequate f o r  ranges less than 90 
feet .  S h u t t l e  rendezvous systems w e r e  designed w i t h  manned opera- 
t i o n s  and t y p i c a l  S h u t t l e  missions i n  mind, hence t h e i r  unsui t -  
a b i l i t y  t o  Pa th f inde r  goa ls  and o b j e c t i v e s .  Radars being con- 
sidered f o r  t h e  O r b i t a l  Maneuvering Veh ic l e  w i l l  a lso be ine f fec -  
t i ve  a t  very c l o s e  ranges. The Global Pos i t ion ing  System (GPS) can 
provide r e l a t i v e  naviga t ion  i n  low Ear th  orb i t ,  bu t  i t s  per for -  
mance and space a p p l i c a t i o n  must be proven. GPS w i l l  not  be ad- 
equate  f o r  close-range maneuvering and docking. No s u i t a b l e  long- 
range r ada r s  are a v a i l a b l e  which  meet the  power, weight, and per- 
formance goals  of t he  Mars Rover/Sample Return Mission. 

T h e  AR&D Program w i l l  develop senso r s  f o r  shor t  and long-range 
navigat ion,  w i t h  t h e  goal  of meeting the t o t a l  set of naviga t ion  
requirements w i t h  a minimum s u i t e  of senso r s .  E m p h a s i s  w i l l  be 
p l a c e d  on maximum a p p l i c a b i l i t y  of these senso r  t echno log ie s  
ac ross  t h e  span of Pa thf inder  missions.  The  ARCD Program w i l l  make 
maximum use of cu r ren t  technology developments. As an example, a 
p ro to type  l a s e r  docking sensor t h a t  is  be ing  developed fo r  a 
f l i g h t  experiment on a S h u t t l e  f l i g h t ,  could support  t e rmina l  ren- 
dezvous, s t a t i o n  keeping, approach, and docking. T h i s  sensor  can 
provide navigat ion measurements from zero t o  three m i l e s .  F u r t h e r  
work is  needed t o  enhance the a p p l i c a b i l i t y  of t h i s  sensor t o  t h e  
.Pa thf inder  Program. I ts  e f f e c t i v e  o p e r a t i n g  range m u s t  be ex-  
tended, wh i l e  reducing its power, weight, and volume. Other  can- 
didate sensors  such as m i l l i m e t e r  r adar  and v i s ion  sys t ems  r equ i r e  
f u r t h e r  eva lua t ion  and development. 

For Pa th f inde r ,  it i s  a n t i c i p a t e d  t h a t  a near-term AR&D demon- 
s t r a t i o n  can be  accomplished by modifying or expanding t h e  
c a p a b i l i t i e s  of e x i s t i n g  or emerging sensor  technologies .  However, 
an advanced sensor  such as a v i s ion  sensor  w i l l  r e q u i r e  longer  de- 
velopment t i m e  t o  a t t a i n  s u f f i c i e n t  matur i ty  for  a demonstration. 
Such advanced sensors  w i l l  be t a r g e t e d  for  a far-term ARCD demon- 
st r a t  ion.  

Autonomous guidance, navigation, and c o n t r o l  (GN&C)  a lgori thms do 
not c u r r e n t l y  e x i s t ,  e i t he r  for  rendezvous or docking, b u t  a r e  not 
thought t o  be major technology d r ive r s .  However, s i g n i f i c a n t  work 
i s  r equ i r ed  t o  focus  t h e i r  d e s i g n s  on mission c o n s t r a i n t s  unique 
t o  t h e  Pa th f inde r  missions.  C u r r e n t  GN&C des igns  focus on con- 
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s t r a i n t s  a s soc ia t ed  with manned vehicles and inc lude  l i g h t i n g  con- 
d i t i o n s  and cont inuous space-to-ground communications. Onboard 
manual c o n t r o l  p r o v i d e s  t h e  f i n a l  docking o p e r a t i o n s .  The 
Pa thf inder  missions may n o t  be s u b j e c t  t o  these c o n s t r a i n t s ,  but  
r e q u i r e  an emphasis on r e l i a b i l i t y  of the  rendezvous and docking 
ope ra t ions .  Cooperative cont ro l  and automatic maneuver s e l e c t i o n ,  
execut ion,  and recovery are major design cha l lenges .  An a l t e r n a -  
t i v e  naviga t ion  system may be requi red  for rendezvous ope ra t ions  
conducted a t  ranges of thousands of n a u t i c a l  miles. 

T h e  docking mechanisms which have been or are being developed for  
manned veh ic l e s  are expected t o  be adequate for  manned Pa thf inder  
m i s s i o n s .  However, unique mechanisms w i l l  have t o  be developed f o r  
s m a l l ,  unmanned vehicles such as t h e  Mars Ascent and Orbi ter  V e h i -  
cles. The AR&D Program w i l l  focus  on t h e  s p e c i f i c  technology 
d r i v e r s  associated w i t h  Pathfinder mission app l i ca t ions .  These in- 
c lude extended se rv ice  l i f e  i n  hos t i le  environments w i t h  long pe- 
riods of dormancy, high system r e l i a b i l i t y ,  high l e v e l s  of auton- 
omy for  unmanned veh ic l e  operat ions,  and severe r e s t r i c t i o n s  on 
power and weight .  While the ARCD Program w i l l  support  these tech- 
nology developments, the  actual development of mechanisms w i l l  be 
a p r o j e c t  r e s p o n s i b i l i t y .  

1.5 AUtOnOmOU8 Rendezvous and Docking Progrlop Goals and 
Objectives 

The  long-term goal  of t h e  Autonomous Rendezvous and Docking P r c -  
gram i s  t o  develop, v a l i d a t e ,  and demonstrate  autonomous r en -  
dezvous and docking  c a p a b i l i t i e s  t o  support  manned and unmanned 
vehicle ope ra t ions  i n  lunar  and p l a n e t a r y  o r b i t s .  I n  t h e  e a r l y  
phase of t h i s  program, t h e  s y s t e m  requirements w i l l  be def ined f o r  
candidate  Pa thf inder  mission app l i ca t ions  and c o r r e l a t e d  w i t h  spe- 
c i f i c  technology requirements. A near- term demonstration of AR&D 
c a p a b i l i t i e s  w i l l  be developed incorpora t ing  e x i s t i n g  o r  emerging 
technologies  t o  v e r i f y  proof of concept.  T h e  demonstration w i l l  
cons i s t  of ground demonstrations. 

A far- term demonstration w i l l  be developed t o  provide proof of 
concept for advanced sensors,  which r equ i r e  long-lead t i m e  devel- 
opment. The  corresponding GN&C a lgori thms and t r a j e c t o r y  c o n t r o l  
techniques  w i l l  be developed and the  i n t e g r a t e d  system w i l l  be 
tested i n  ground demonstration. 

1.6 Technical Approach 

For candidate Pathf inder  miss ion  scenar ios  and corresponding vehi- 
c le  conf igura t ions ,  coordinated systems-level rendezvous and dock- 
i n g  requirements  w i l l  be def ined.  Performance requirements  f o r  
AR&D hardware and software w i l l  be established. 

Hardware and software technologies t o  m e e t  these requirements w i l l  
be i d e n t i f i e d  and cur ren t  technologies w i l l  be assessed f o r  appl i -  
c a b i l i t y .  AR&D c a p a b i l i t i e s  w i l l  be segregated i n t o  near- and f a r -  
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t e r m  programs, based upon readiness  l e v e l s  of requi red  technolo- 
g i e s  and s p e c i f i c  Pathf inder  mission p lans .  . 

Maximum synergism between near and far-term programs w i l l  be i m -  
plemented, w i t h  major d i f f e rences  expected i n  t h e  technologies  of 
t h e  r e l a t i v e  naviga t ion  sensors. T ra j ec to ry  c o n t r o l  requirements 
and techniques for ARhD w i l l  be def ined and candidate  GNdC designs 
w i l l  be developed t o  implement t h e s e  ARhD c a p a b i l i t i e s .  S i x  and 
twelve degree-of-freedom simulations w i l l  be used fo r  performance, 
d i s p e r s i o n  and s e n s i t i v i t y  analyses  and trade s t u d i e s  of the in-  
t e g r a t e d  designs.  

Resul t s  of these eva lua t ions  w i l l  be used t o  e s t a b l i s h  t h e  speci-  
f i c a t i o n s  for  p ro to type  senso r s .  P ro to type  s e n s o r s  and  hard- 
ware/software emulations w i l l  be developed and incorpora ted  i n t o  
tes t  bed proof-of-concept demonstrations.  R e s u l t s  of s y n e r g i s t i c  
technology and advanced development programs, such a s  t h e  l a s e r  
docking sensor  f l i g h t  experiment ,  w i l l  be incorpora ted  i n t o  t h e  
program. F la t - f loo r  f a c i l i t i e s  w i l l  be used  f o r  ground demonstra- 
t i o n s  of t he  f i n a l  docking operat ions.  

Figure 2 d e p i c t s  t h e  progression from requirements d e f i n i t i o n ,  t o  
development of sys tem l e v e l  performance requirements,  p re l iminary  
development, and f i n a l l y  t o  ground based tests t h a t  comprise 
Pa thf inder  ARLD development. The f i g u r e  shows the interdependency 
of the var ious  tasks as w e l l  as the r o l e  of program planning i n  
coordinat ing t h e  execution of these t a s k s .  

.- 

[El/ 
Figure 2 - Technical approach t o  Pa thf inder  ARCD DDTCE. 



I. * .  

SECTIOI 2 

PROGRAM DESCRIPTIOI 

2 . 1  Work Breakdown Structurm 

T h e  Autonomous Rendezvous and Docking Program i s  divided i n t o  
three major work packages: (1) Systems I n t e g r a t i o n ;  (2) Guidance 
and Control ;  and (3) Sensors and Mechanisms. These work packases 
are s t r u c t u r e d  t o  provide focus on specific technology devkopment 
areas. 

AUTONOMOUS 
RENDEZVOUS C 

DOCKING PROGRAM 

INTEGRATION CONTROL MECHANISMS 

F i g u r e  3 - Pathfinder ARhD Work Breakdown S t r u c t u r e  (WBS). 

2 . 2  Management Plan 

2 . 2 . 1  Management Structuro 

F i g u r e  4 shows t h e  Lead Center  management s t r u c t u r e  f o r  t h e  
P a t h f i n d e r  AR&D program. Advantages of t h i s  t y p e  of management 
s t r u c t u r e  inc lude  clear i d e n t i f i c a t i o n  of a c c o u n t a b i l i t y  for  pro- 
ject d e f i n i t i o n ,  implementation and deliverables, s i n g l e  p o i n t  of 
i n t e r f a c e  between NASA headquarters and t h e  Lead Center and f l e x i -  
b i l i t y  t o  dynamically a d j u s t  t a s k  assignments and resource  alloca- 
t i o n s  i n  a t imely  manner. 

- 

T h e  o v e r a l l  Pa thf inder  ARcD program w i l l  be managed by the  Program 
Manager i n  Code RC. A n  i n t e r c e n t e r  working group i n c l u d i n g  J S C ,  
MSFC, JPL, AMES, LaRC w i l l  make recommendations t o  Code RC regard- 
i n g  AR&D d e f i n i t i o n  and planning and w i l l  f unc t ion  as a s t e e r i n g  
committee to review any appea ls  t o  assignments of tasks  or re- 
sources  t o  t h e  NASA cen te r s .  

- 

J S C ,  as t h e  Lead Center, w i l l  provide t e c h n i c a l  coord ina t ion ,  re- 
po r t ing ,  schedul ing and  progress  a g a i n s t  mi les tones  and w i l l  rec- 
ommend resource  a l l o c a t i o n s  and t a s k  assignments t o  Code RC. P a r -  
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t i c i p a t i n g  c e n t e r s  w i l l  provide d e l i v e r a b l e s  established i n  the  
AR&D Project Plan.  

OMatrixing of tasks Jsc b a d  ~ 

Center  and resources. 

T h i s  management s t r u c t u r e  provides clear d e f i n i t i o n  of account- 
a b i l i t y  whi le  maintaining a formally def ined  process  for negotia- 
t i o n  of detailed t a s k  assignments and resources  t o  the  NASA cen- 
ters. 

Code RC 
Program 

Intercenter WG 
(Steering 

Committee) JSC, I *Appeal Ames LaRC Process 
MSFC, JPL, 

*Review of changes t o  
baseline task/resource , ‘111.111 al lo iat ions .  

*Products Industry 
Univ . 

Figure 4 - Management Structure for Pathfinder ARhD Program. 

2 . 2 . 2  Progrrnr Coordination 

T h e  AR&D e lement  of P a t h f i n d e r  i s  one  of s e v e r a l  a r enas  i n  NASA 
addressing automation and autonomy of o r b i t a l  rendezvous and dock- 
ing .  Other  arenas include:  Code E Mars Rover Sample Return, Code Z 
Manned Lunar and Mars missions, Code M S a t e l l i t e  Serv ic ing ,  A s -  
s u r e d  C r e w  Return Capabi l i ty ,  L o g i s t i c s  Resupply and Serv ic ing ,  
Advanced Development I n i t i a t i v e ,  Log i s t i c s  Resupply f o r  Space Sta- 
t i o n ,  and Unmanned Shu t t l e  Derivative Vehicles. 

The  t h r u s t  of Pa thf inder  A R h D  is t o  develop enabl ing  technologies  
f o r  p l a n e t a r y  exploration, which  support  f u l l y  autonomous opera- 
t i o n s ,  h o s t i l e  environments, long p e r i o d s  of dormancy and ex- 
tremely r e l i a b l e  sys tems,  t o  a technology readiness  l e v e l  of f i v e  
(refer t o  f i g u r e  1 fo r  a de f in i t i on  of the var ious l e v e l s ) .  

Cooperative programs w i l l  be i d e n t i f i e d  t o  demonstrate,  i n  low 
e a r t h  o r b i t ,  components of Pathfinder A R & D  technology which f u l f i l  
t h e  ob jec t ives  of less severe requirements f o r  t h e  o t h e r  AR&D are-  
nas .  T h i s  p rocess  w i l l  require coord ina t ion  between OAST, OSSA, 
OSF, OSS and OEXP. 
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2 . 2 . 3  Program Planning 

By 89 
( S K I  

305 

400 

185 

4 . 5  

The ARCD Program Plan is an initial five year plan, developed 
cooperatively with the Lead Center and the participating Centers. 
This document establishes program content, task assignments, re- 
source allocation and milestones. Formal reviews of tasks by all 
NASA centers with Code RC will provide a mechanism to modify the 
program plan as required and to project the focus of long range 
tasks. 

rY 90 
( S K I  

700 

1150 

1150 

5.5 

2 . 3  R O 8 O U t C e 8  

2 . 3 . 1  Fivo Y o a r  Funding 

Resources for the first five years of the program are summarized 
in figure 5. 

WORK PACKAGES 

I 
SYSTEMS INTEGRATION 

GUIDANCE AND CONTROL 

SENSORS AND MECHANISMS 

E8tiraated NASA Work 
Force (XYE) 

I 890 13000 

- 
ty 91 

( S K I  

850 

1750 

2400 

- 

a - 
5 0 0 0  - 

- 
By 92 
( S K I  

900 

2000 

3100 

8 

- 

5 0 0 0  - 

- 
FY 93 

( S K I  - 
700 

1800 

3500 

a 

~ 

Figure 5 - Pathfinder ARLD Five Year Funding and Work Force. 

2 . 4  Systuaa Intogration 

2 . 4 . 1  Objective8 

The objectives of this work package are to provide program plan- 
ning and control support, systems engineering and integration of 
the hardware and software technology developments, and continuing 
coordination of the program element's activities with Pathfinder 
Program directions. Autonomous Rendezvous and Docking involves the 
development of a number of technologies, with various options 
within each technology area. A focused systems integration effort 
is required to establish appropriate priorities, budgets, and sys- 
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tems-level assessments and d i r e c t i o n  t o  provide t ime ly  and cos t -  
e f f e c t i v e  f u l f i l l m e n t  of the program objec t ives .  

I n  addi t ion ,  t h i s  work package w i l l  provide t h e  systems-level co- 
o r d i n a t i o n  wi th  r e l a t e d  technology, advanced development, and 
f l i g h t  programs t o  maximize technology t r a n s f e r  and synergism. 
Such coord ina t ion  w i l l  i nc lude  coope ra t ion  i n  Na t iona l  Space 
Transpor ta t ion  System (NSTS) f l i g h t  demonstrations of ARCD capa- 
b i l i t i es ,  t h e  Code M Advanced Development I n i t i a t i v e  fo r  ARbD and 
s a t e l l i t e  s e r v i c i n g ,  and t h e  L o g i s t i c s  Resupply and Se rv ic ing  
Demonstration. 

2.4.2 Technical Approich 

T h e  o b j e c t i v e s  of t h i s  work package are achieved by the  per-  
formance of s eve ra l  tasks including: (1) Program Planning Support, 
(2) Systems and Mission Analyses, (3) Tra jec tory  Control Analyses, 
and ( 4 )  Guidance, Navigation and Control  (GNLC)  System In tegra-  
t i o n .  

Sys tems- leve l  s t u d i e s  are performed t o  provide direction and focus 
t o  t he  d e t a i l e d  technology development s t u d i e s .  These systems- 
l e v e l  s t u d i e s  include the d e f i n i t i o n  of ARCD s y s t e m s  requirements, 

responding technology requirements w i l l  be def ined  and correlated 
tc specific Pa thf inder  mission scena r ios .  The var ious  op t ions  t o  
meet t h e  technology requirements w i l l  be assessed t o  select t h e  
most appl icable  and achievable candidates .  

coordinated w i t h  Pathf inder  Program mission requirements.  The cor- -_ 

AR&D . technology components w i l l  be i n t e g r a t e d  i n  h i g h - f i d e l i t y  
guidance, naviga t ion ,  and c o n t r o l  ( G N c C )  s imu la t ions  t o  ensure  
that  t h e  ind iv idua l  technologies meld i n t o  a v i a b l e  and e f f e c t i v e  
s y s t e m  design.  These simulations w i l l  a l s o  be used  t o  compare var- 
ious  technology opt ions.  

As t h e  AR&D technologies  mature t o  pro to type  developme.nt, t h i s  
work package w i l l  establish t h e  requirements fo r  proof of concept 
demonstrations.  For ground demonstrations, the  tes t  p l ans  and fa- 

demonstrations,  sponsoring organiza t ions  w i l l  be sought and sup- 
p o r t  for  the  m a n i f e s t i n g  process provided. 

c i l i t y  usage p l ans  w i l l  be developed and coordinated.  For f l i g h t  - 

2.4.3 Schedule 

Figure 6 presen t s  t he  schedule f o r  t h e  a c t i v i t i e s  under t h i s  work 
package. T h e  schedule r e f l e c t s  t h e  implementation of near-  and 
far-term ARCD demonstrations. It supports  consol ida t ion  of mission 
requirements  i n t o  corresponding AR&D system and t r a j e c t o r y  re- 
qu i r emen t s  i n  FY ' 89  and FY ' 90 .  

Workshops/technical interchanges w i l l  be conducted a t  t h e  end of 
t h e  t h i r d  q u a r t e r  of each fiscal  y e a r .  T h e  focus of t h e  FY ' 8 9  
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workshop w i l l  be t h e  s t a t u s  of development of GNCC algori thm op- 
t i o n s  and trade s t u d i e s  of candidate sensors .  

P a r a l l e l  technology opt ions  w i l l  be evaluated and selected during 
FY '90, incorpora t ing  effects of DRMs and updates t o  mission re- 
quirements.  Technology t h r u s t s  w i l l  be segregated i n t o  near  and 
far-term c a p a b i l i t i e s .  For t h e  near-term c a p a b i l i t i e s ,  trade stud- 
ies may dictate continued p a r a l l e l  developments i n t o  FY '91 for  
promising technologies .  Refinements t o  h i g h - f i d e l i t y  s imula t ions  
w i l l  be completed t o  support these eva lua t ions  and i n t e g r a t e d  GNCC 
requirements va l ida t ion  and performance eva lua t ions .  

The focus  i n  FY ' 9 1  w i l l  be ARCD system performance ana lyses  t o  
a s s u r e  t h a t  t h e  emerging technologies  w i l l  support  t h e  selected 
near-term missions.  Ground demonstrations w i l l  be planned and i m -  
plemented. Resul t s  of the f l i g h t  demonstration of a laser docking 
sensor  (independent of the Pa thf inder  Program) w i l l  be incorpo- 
rated i n t o  t h e  ARCD Program. 

In FY '92, t h e  ground demonstrations of near-term ARCD capab i l i -  
t ies w i l l  t r a n s i t i o n  t o  f l a t - f l o o r  demonstrat ions fo r  t h e  f i n a l  
phases of docking operat ions.  Prototype AR&D hardware and software 
w i l l  be i n t e g r a t e d  i n t o  these demonstrations.  Planning for  f l i g h t  
demonstrat ions may be i n i t i a t e d  . 
T h e  schedule for the  far-term demonstration p a r a l l e l s  t h a t  for  the 

and t r a j e c t o r y  con t ro l  analyses will be performed i n  FY ' 8 9  and FY 
' 90 t o  maximize synergism w i t h  t h e  near-term capabilities. R e f i n e -  
ments t o  these s t u d i e s  w i l l  be performed i n  FY '93, keyed t o  the  
technology readiness  of t h e  advanced sensors .  

near-tem demnnS+rq+igE.  Mzch cf +ha -.." y1 e-*-*--- YLb...e YUU --A - 2  L L L I ~ J I W U  - - 2  -- auaryaca  ---'----- 

.- 
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WORK PACKAGE MILESTONES/DELIVERABLES 

ARCD PRELIMINARY RQnrS REVIEW (PRR) - SYSTEM REQUIREMENTS CORRELATED TO 
MISSION REQUIREMENTS AND DRHS - TRAJECTORY CONTROL REQUIREHENTS - INTEGRATED GNCC REQUIREMENTS 

ARCD SYSTEH DESIGN REVIEW - FINAL SYSTEM REQUIREMENTS - FINAL TRAJECTORY CONTROL RQUTS - FINAL INTEGRATED GNCC RQnrS 

ARCD PRELIMINARY DESIGN REVIEW - GNCC OPTIONS EVALUATIONS - VALIDATED SYSTEM RQMTS - PERFORMANCE ENVELOPE DEFINITION 
ARCD GROUND DEMONSTRATIONS - P U N S  
- RESULTS ANALYSES 

- 
FY 89 FY 90 1 FY 91 

Sear-Term 'I 
Near Term 

A 

FY 92 I FY 93 

I A  
Far-Term 

A 
Far-Term 

A 
Far-Term Near-Term 

A 
Far-Term 

A 
Near-Term 

Near-Tern 4 
Figure 6 - Pathfinder ARhD Systems Integration milestone? and deliverables. 

2.5 Guidmco, Nlvigation, C Coattol 

2.5.1 Objectives 

T h e  purpose of t h i s  work package is t o  support  t h e  i d e n t i f i c a t i o n ,  
development, and assessment of Guidance, Navigation, and Control 
(GN&C)  technologies ,  algorithms, and techniques app l i cab le  t o  t h e  
problem of Autonomous Rendezvous and Docking. GN&C development 
w i l l  be directed a t  supporting AR&D opera t ions  i n  low ear th  orb i t ,  
l u n a r  and p l a n e t a r y  o r b i t s ,  as w e l l  as i n t e r p l a n e t a r y  t r a j e c t o -  
ries. - 
A r e a s  of i n t e r e s t  t o  GNhC include: 

Development and refinement of general  purpose rendezvous 
guidance schemes ( i . e  Battin-Vaughan-Lambert formula t ion) .  

Optimization ( i . e .  t i m e ,  f u e l ,  e tc . )  of rendezvous 
t r a j e c t o r i e s  (6 DOF optimal c o n t r o l ) .  

Cooperative con t ro l  methodologies involving mul t ip le  a c t i v e  
vehic les .  
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Trajec tory  c o n t r o l  requirements, techniques,  and boundary 
condi t ions and t h e i r  impact on GNCC system performance 
requirements. 

Mass pxopert ies  i d e n t i f i c a t i o n  and compensation. 

Guidance and con t ro l  aspects of maneuver sequence abort 
cri teria d e f i n i t i o n  and implementation of abort sequences. 

Detection and avoidance of hazardous condi t ions.  

GNLC system fa i lu re  detect ion,  f a u l t  to le rance ,  redundancy 
requirements, and techniques for  automatic system 
reconf igura t ion .  

Application of A r t i f i c i a l  In t e l l i gence  ( A I )  and exper t  
sys t ems  technology t o  GNhC tasks .  

GN&C a n a l y s i s ,  development, and eva lua t ion  w i l l  be phased such 
t h a t  e a r l y  demonstrat ions of desired c a p a b i l i t i e s  can be sup- 
por ted .  These demonstrations w i l l  i n i t i a l l y  be ground based exper- 
i m e n t s .  By their  nature ,  the  GNcC algorithms, techniques,  and for- 
mulat ions produced under t h e  GNCC work package element can be 
tested and evaluated u s i n g  d i g i t a l  s imulat ions.  If  t h e  opportuni ty  

ware i n t e r f a c e s  w i l l  be pursued. 
a r i s e s ,  t e s t i n g  i n  t h e  ac-tual environment w i t h  f l i g h t  type  hard- -_ 

2.5.2 Technical Approach 

T h e  primary focus of t he  GN&C development work package t a s k  i s  t o  
i d e n t i f y  the requirements f o r  a self conta ined  autonomous ren- 
dezvous and docking algorithm. Two classes of docking t a r g e t s  have 
been i d e n t i f i e d :  cooperat ive (charac te r ized  as having some type of 
docking a i d  such a s  a transponder,  beacon, o r  r e f l e c t o r  a r r a y ) ,  
and noncooperative (not  equipped w i t h  any docking  a i d ) .  Addition- 
a l l y ,  rendezvous t a r g e t s  t ha t  are both active and pass ive  i n  t e r m s  
of maneuvering, a t t i t u d e  cont ro l ,  and powered/unpowered t r a c k i n g  
a i d s  w i l l  be addressed. T h e  spec ia l  GNCC requirements posed by un- 

quirements imposed by each t a r g e t  class w i l l  be de l inea ted ,wi th  an 
o b j e c t i v e  f o r  t h e  GNcC d e s i g n s  t o  accommodate both t h e  near-term 
sensors  and advanced sensors .  

con t ro l l ed  or  tumbling t a r g e t s  w i l l  be assessed. S p e c i f i c  GN&C re- - 

T h e  GN&C requirements on r e l a t i v e  bear ing,  range, range rate, and 
a t t i t u d e  data w i l l  be assessed a g a i n s t  t h e  performance of candi- 
date sensors .  I n  t h i s  fashion, performance requirements and capa- 
b i l i t i e s  w i l l  be t r aded  between t h e  GN&C s u i t e ,  sensors ,  and ef-  
f e c t o r s  and docking mechanisms. An example of t h e  i n t e r a c t i o n  of 
requirements between GN&C a n d  effectors/mechanisms is  i n  t h e  ro- 
b u s t n e s s  of t h e  docking system. A s o p h i s t i c a t e d ,  h igh ly  accurate 
G N C C  system would permit t h e  u s e  of a s imple and  very l i m i t e d  
( w i t h  r espec t  t o  range of operation, impact a t t enua t ion  capac i ty ,  
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etc.  1 docking mechanism. Similar ly ,  a highly capable docking mech- 
anism could t o l e r a t e  u n c e r t a i n t i e s  i n  t h e  t e rmina l  condi t ions  of 
the docking sequence t h a t  a less refined GNhC complement might i n -  
t roduce .  T h i s  t r a d e  of r e s p o n s i b i l i t i e s  and f u n c t i o n a l  c a p a b i l i -  
t i es  among the  var ious  work package elements  w i l l  r e s u l t  i n  an  in- 
t e g r a t e d  mission system a s  opposed t o  a loose  c o l l e c t i o n  of po in t  
designs.  

The  requirements on t r a j e c t o r y  design and t r a j e c t o r y  c o n t r o l  w i l l  
be evaluated f o r  t h e  MRSR miss ion .  For ARCD opera t ions ,  the  tradi- 
t i o n a l  mission design c o n s t r a i n t s  such as l i g h t i n g  and communica- 
t i o n s  and t r a c k i n g  coverage t h a t  c h a r a c t e r i z e  manned opera t ions ,  
w i l l  be supplanted by requirements f o r  r e l i a b i l i t y  and robustness  
of the automated sequence i n  ea r th ,  lunar ,  or Mars o r b i t s .  

A r t i f i c i a l  i n t e l l i g e n c e  (AX) and expe r t  sys t em technologies  w i l l  
be eva lua ted  f o r  a p p l i c a b i l i t y  t o  GNCC systems f o r  ARhD. U s e  of A I  
is  expected t o  y i e l d  a system t h a t  i s  capable of a v a r i e t y  of re- 
sponses t o  e x t e r n a l  s t i m u l i  as  opposed t o  a more l i m i t e d  "canned" 
set of rou t ines  and procedures. I t  is  expected t h a t  the  MRSR m i s -  
s i o n  ope ra t ions  conducted i n  Mars o r b i t  w i l l  r e l y  t o  some ex ten t  
on A I  due t o  the requirement f o r  robust autonomous opera t ions  be- 
cause of the p r o h i b i t i v e  l i g h t  t r a v e l  t i m e  from e a r t h .  

2 . 5 . 3  Schedul8 

T h e  schedule for Pathfinder  ARCD Guidance, Navigation, and Control 
development a c t i v i t i e s  is presented i n  f i g u r e  7 .  

Guidance Navigation & Control 

-GN&C requirements 
development 
*Tgting algorithm development 
*Prox ops S/W development 
'GNLC System performance 
validation and verification 
*Multivehicle cooperative 
control method development 
*Simulation development 
(6,lZ-WF) 

*AI requirements development 
*Expert System development 
-Expert System validation 
*AI prototype development 

4 F Y  90 i F Y  91 1 F Y  92 1 F Y  93 

I I I 

I I 

I I 

I I 
I I 

I I I 

Figure 7 - Pathfinder AR&D GNhC development schedule. 
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2.6 Sensors and Nechanisms 

2.6.1 Objectivas 

T h i s  work package element w i l l  provide the Pa thf inder  Program with 
sensors ,  e f f e c t o r s ,  and mechanisms t h a t  s a t i s f y  the  requirements 
of ARCD i n  earth, lunar ,  and Mars orbi ts .  Generic requirements f o r  
a l l  Pa th f inde r  sensors  and e f f e c t o r s  inc lude  l o w  power consump- 
t i o n ,  weight, and form fac tor ,  reliable opera t ions  i n  varying and 
hos t i l e  environments, and opera t ion  i n  these environments after 
p r o t r a c t e d  per iods  of dormancy. 

When p r a c t i c a l ,  e x i s t i n g  devices  and techniques f o r  f a b r i c a t i o n  
and opera t ion  of these devices w i l l  be adopted for  Pa thf inder  AR&D 
suppor t .  It i s  p o s s i b l e  that  c e r t a i n  devices  w i l l  r e q u i r e  novel 
approaches because it w i l l  prove p r o h i b i t i v e l y  expensive t o  modify 
an o f f  t h e  shelf  product i n  response t o  performance requirements.  
I n  such  cases, the sensors and mechanisms work package w i l l  sup- 
p o r t  t h e  development of new devices for  Pa thf inder .  

It  i s  t h e  ob jec t ive  of t h i s  element t o  take a sensor  or mechanism 
f r o m  a conceptual s tage ,  through detailed requirements assessment, 
des ign ,  development of prototypes,  performance eva lua t ion ,  and 
t e s t i n g .  The  test and evaluat ion pro tocol  w i l l  range from computer 
s imula t ions ,  t o  ground based tes t ,  and culminates  w i t h  a f l i g h t  
deZ!!xetrztiz,? i,? t k e  actazl envir!=az!=,?t. 

2.6.2 Technical Approach 

Sensor and mechanism development begins w i t h  d e f i n i t i o n  of the  re- 
quirements f o r  autonomous rendezvous and docking. These requi re -  
ments w i l l  be der ived from t h e  Design Reference Mission ( D F W  f o r  
t h e  s p e c i f i c  program t o  be supported,  i n i t i a l l y  t h e  Mars Rover 
Sample R e t u r n  (MRSR) mission. 

Emphasis w i l l  be placed on developing senso r s  t h a t  s a t i s f y  MRSR 
long range t a r g e t  de t ec t ion ,  a c q u i s i t i o n ,  and t r a c k i n g  and s h o r t  
range accuracy and reso lu t ion  of range, c losu re  rate, r e l a t i v e  a t -  
t i t u d e ,  r e l a t i v e  body r a t e s ,  and r e l a t i v e  bear ing .  It is  l i k e l y  
t h a t  an i n c r e a s e  i n  t h e  per formance  of e x i s t i n g  s e n s o r s  
( p a r t i c u l a r l y  w i t h  respec t  t o  range) w i l l  be sought.  An e a r l y  de- 
c i s i o n  w i l l  be made as t o  whe the r  a s i n g l e  sensor  can s a t i s f y  a l l  
m i s s i o n  requirements or i f  a s u i t e  of s e v e r a l  s enso r s  offers  a 
more expedient so lu t ion .  An e a r l y  goal  of t h i s  work package i s  t o  
perform and analyze t h e  r e s u l t s  of a trade study t o  i d e n t i f y  those  
sensor  technology development a r e a s  t h a t  are cost e f f e c t i v e ,  i m -  
prove performance and w i l l  reduce development and schedule r i s k s .  
These technologies  i n c l u d e  o p t i c a l  and r a d i o  frequency t r a c k i n g  
and a c t i v e  v e r s u s  passive de tec t ion .  
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As candidate  sensor  approaches proceed from concept, through simu- 
l a t i o n ,  breadboard, and f i n a l l y  t o  prototype phases, t h e  r e s u l t  of 
each development phase w i l l  be subject t o  test and eva lua t ion  ei- 
t h e r  through d i g i t a l  s imulat ion or  i n  a test bed f a c i l i t y .  The 
sensor  prototypes w i l l  be t e s t e d  i n  thermal/vacuum fac i l i t i es  and 
incorpora ted  i n  demonstrations us ing  flat-floor f ac i l i t i e s .  The 
product of each phase w i l l  be made available t o  other AR&D work 
packages such t h a t  i n t eg ra t ed  system level tests can be performed. 

T h e  effectors and docking mechanisms tha t  w i l l  be employed fo r  
Pa thf inder  i n  general ,  and MRSR i n  s p e c i f i c ,  are not  a radical de- 
p a r t u r e  from the  cu r ren t  state of the  a r t .  They w i l l  be s i m i l a r  i n  
n a t u r e  t o  o t h e r  devices  c u r r e n t l y  under development f o r  manned 
space veh ic l e s .  The  reduction i n  system s i z e  and weight and i n  to- 
t a l  power requirements, coupled w i t h  prolonged exposure t o  host i le  
environments, are the problems t o  be attacked i n  developing the 
mechanisms f o r  MRSR. To meet these cha l lenges ,  t h e  fo l lowing  
course of ac t ion  w i l l  be adopted: 

Iden t i fy  and def ine  requirements for high r e l i a b i l i t y ,  l i g h t  
weight,  l o w  power consumption docking mechanism components 
such as l a t ches  and load a t t enua to r s .  

Inves t iga t e  basic technologies i n  t h e  areas of l u b r i c a t i o n  
and seal materials and techniques for long  term exposure t o  
h o s t i l e  environments. 

Mechanism requirements for  an t i c ipa t ed  Lunar and p lane tary  
auto-docking systems w i l l  be assessed. 

Trade s t u d i e s  w i l l  be performed t o  i d e n t i f y  p re fe r r ed  
approaches t o  mechanism development f r o m  among t h e  following 
candidates:  

Active versus passive l a t c h  ac tua t ion  
Active versus passive load a t t enua t ion  
Active versus passive t a r g e t  capture  
Materials and lubricat ion opt ions 
T h e r m a l  p ro tec t ion  techniques 
Debris exclusion and sea l ing  techniques 

As w a s  t h e  case w i t h  sensor development, p r i o r i t y  i s  put  on se- 
l e c t i n g  a s i n g l e  approach e a r l y  t o  minimize d i l u t i o n  of resources  
among many p o t e n t i a l  avenues of exp lo ra t ion .  An e x t e r n a l  agent  
( i . e .  from indus t ry  or academia) may be selected f o r  execution and 
ana lys i s  of t h e  mechanism se l ec t ion  t r a d e  s t u d i e s .  

A t  t h e  appropr i a t e  level of matur i ty ,  t h e  selected mechanism de- 
s ign  w i l l  be subject  t o  test and eva lua t ion  on f ac i l i t i e s  ranging 
from d i g i t a l  s imula t ions  of mechanism behavior t o  f l a t - f l o o r  dy- 
namic load tests. I n  a l l  cases, t h e  models and prototypes w i l l  be 
made a v a i l a b l e  t o  other program elements for  i n t e g r a t e d  tests and 
t o t a l  s y s t e m  v e r i f i c a t i o n .  A ba lance  is  e s s e n t i a l  between t h e  
character is t ics  and c a p a b i l i t i e s  of t h e  mechanisms, sensors, and 

15 



1. - 

I 
I 
1 
I 
1 
I 
I 
! 
I 
I 
1 
I 
m 
I 
I 
I 
I 

GN&C system of the MRSR. An aggressive policy of disseminating re- 
quirements and performance data among all Pathfinder work packages 
will support maintaining this balance. 

2.6.3 Schedule 

Figure 8 depicts the development schedule for ARCD sensors and 
mechanisms. Note that for the area of sensor development, a far- 
term effort succeeds the initial development phase. This far-term 
activity is likely to concentrate on technologies that permit ac- 
quiring and tracking passive or otherwise noncooperative targets 
at long ranges. 

Sensors h Mechanisms 1 F Y  89 I F Y  90 I F Y  9 1  

H *Perform Sensor technology 
trades (Laser, mm-wave Radar. 

I Infrared, visual ,  etc . ) 

- 4  rc *Sensor bread board develop. 

*Spec. generation for selecte 
development approach 

F Y  92 I F Y  93 

Far Term 

I I *Sensor system DDTCE 

-Laser Docking Sensor Flight 
Demonst ration 

-Mechanism technology trade 
(actuation, lubrication, I 
sea l s ,  e t c . )  

*Select mechanism approach 

*Mechanism DDThE 

*Pathfinder ARCD ground demo A 
F i g u r e  8 - ARhD Sensor and Mechanisms development schedule. 

2.7 Five Year Planning Summary 

2.7.1 Fiscal Year 1989 Schedule 

The focus of the FY '89 ARhD activities will be to: 

*establish ARhD technology requirements, which are cor- 
related to the Pathfinder mission requirements 

Odefine preliminary requirements for trajectory control 
and GN&C systems 
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minitiate development of GNCC algorithm options 

.assess the requirements and benefits of artificial in- 
telligence to support ARCD 

.perform sensor trade studies 

minitiate basic research in mechanism technologies, cor- 
related to the unique requirements for Pathfinder mis- 
sions. 

The schedule for FY '89 is provided in figure 9. 

MILESTONES AND DELIVPRABLIS I OCT nov DEC JAH t m  MAR APR YAY JVW JVL AUC SEP 

PRELIMINARY CORRELATION OF P/F 
DRMs TO ARCD REQUIFUMFSTS. 

PRELIMINARY DEVELOPMENT OF 
RNDZ/APPROACH GUIDANCE ALGORITHMS 

PRELIMINARY DEVELOPMENT OF 
PROXIMITY OPERTIONS AND DOCKING 
ALGORITHMS 

SENSOR TRADE STUDY RESULTS 

PRELIMINARY ASSESSMENT OF ARLD 
ARTIFICIAL INTELLIGENCE 
REQUIREMENTS 

FIRST WORKSHOP/TECHNICA.L 
INTERCHANGE 

A 

A 

PRELIMINARY SELECTION OF GNCC 
RNDZ/APPROACH AND PROX OPS OPTIONS 

RECOMMENDED SENSOR OPTIONS FOR 
NEAR-TERM AND FAR-TERM DEMOS 

Figure 9 - Fiscal Year 1989 Schedule and Deliverables. 

2 . 7 . 2  Five Year Schedule 

The five-year ARCD schedule is directed toward ground demonstra- 
tions of near-term ARCD capabilities in FY '93. In parallel, ac- 
tivities will be performed to support ground demonstrations of 
far-term AR&D capabilities (with emphasis on advanced sensors) in 
FY '96. A top-level schedule is defined in figure 10. 
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Sensors Development I 
Mechanisms Development 

Technology Demo I 
DELIVERABLES 

1 -  
2 -  
3 -  
4 -  
s -  
6 -  
7 -  
8 -  
9 -  
10 - 
iI - 
12 - 
13 - 
14 - 
15 - 
16 - 
17 - 
18 - 
19 - 

TECHNOLOGY REQUIREMENTS DEFINED 
NEAR-TERM MISSION REQOIRE&ENTS/SCENARIO DEFINED 
NEAR-TERM GROUND DEMONSTRATION TEST PLAN PUBLISHED 
FAR-TERM MISSION REQUIR€MENTS/SCENARIO DEFINED 
NEAR-TERM GNCC POINT DESIGNS VERIFIED 
NEAR-TERM INTEGMTED GNCC PROGRAMS VERIFIED 
NEAR-TERM GNCC PROGRAMS INSTALLED IN FLAT-FLOOR FACILITY 
12 DOF SIMULATION'OF NEAR-TERM ARCD CAPABILITIES CERTIFIED 
NEAR-TERM ARCD CAPABILITIES DEMONSTRATED IN 12 DOF SIMULATION 
FLAT-FLOOR FACILITY(S1 CERTIFIED FOR NEAR-TERM ARCD DOCKING DEMONSTRATIONS 
FLAT-FLOOR DEMONSTRATION OF NEAR-TERM ARCD CAPABILITIES COMPLETED 
NEAR-TERM SENSOR ( 5 )  BRASSROARD/BREADEOARD COMPLETED 
NEAR-TERM SENSOR TEST ARTICLE INSTALLED IN FLAT-FLOOR FACILITY 
THERMAL/VACUUM QUALIFICATION OF NEAR-TERM SENSOR(S1 
MECHANISMS ENGINEERING PROTOTYPE DELIVERED TO MATING TEST FACILITY 
THERMAL/VACUUM QUALIFICATION OF PROTOTYPE MECHANISM COMPLETED 
ACCELERATED LIFE TESTING OF PROTOTYPE MECHANISM COMPLETED 
CODE M LASER DOCKING SENSOR FLIGHT DEMONSTRATION RESULTS ASSESSED 
NEAR-TERM ARCD GROUND DEMONSTRATION COMPLETED 

Figure 10 - Five-Year Schedule, Milestones and Deliverables. 

2 . 8  Long Rango P l a n  

The Pa thf inder  ARCD p r o j e c t  w i l l  b u i l d  upon a s u b s t a n t i a l  base of p i -  
loted rendezvous f l i g h t  experience obtained from previous NASA programs - 
and conceptual and d e f i n i t i o n  s t u d i e s  f o r  Space S t a t i o n .  

A f t e r  t h e  1980's ARCD r e l a t ed  technology f o r  sensors ,  GNCC and mecha- 
n i s m s  has  been demonstrated and incorpora ted  i n t o  funded development 
programs, t h e r e  w i l l  be an opportunity t o  r e f i n e  AR&D s t r a t e g i e s  t o  more 
f u l l y  incorpora te  advances i n  d i g i t a l  p rocessors ,  a r t i f i c i a l  i n t e l l i -  
gence and superconductor magnetic technologies .  With t h e  advent of su-  
percomputer f l i g h t  computers, t h e  v i a b i l i t y  of high speed real-time com- 
p u t a t i o n  may al low f o r  t h e  development of a second genera t ion  of AR&D 
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components t h a t  may inc lude  p a s s i v e  sensors ,  magnetic l a t c h i n g ,  and 
adapt ive mission planning. 

The Pa th f inde r  AR&D element w i l l  p o s i t i o n  NASA t o  take advantage of 
t h e s e  o p p o r t u n i t i e s  by providing an experienced i n t e r c e n t e r  team w i t h  
indepth t echn ica l  s k i l l s  i n  a l l  the  requisite ARCD d i s c i p l i n e s  and asso- 
ciated management mechanisms t o  def ine ,  implement, and c o n t r o l  t h e  de- 
velopment of advanced ARCD technologies.  

2.8.1 Program G0.h 

The  Pa thf inder  AR&D program schedule is divided i n t o  two p a r t s ,  a near- 
t e r m  e f f o r t  t o  produce usable r e s u l t s  within f i v e  years ,  and a far-term 
e f f o r t  that  w i l l  produce more robust components by 1998. €or example, i n  
t h e  a rea  of sensor  technology, the near-term ob jec t ive  i s  t o  develop t h e  
technology f o r  sensors  t o  conduct automated rendezvous and docking w i t h  
an a c t i v e  t a r g e t  veh ic l e  t h a t  cooperates w i t h  t he  maneuvering veh ic l e .  
However, t h e  far-term goal  i s  t o  dock w i t h  a t o t a l l y  pass ive  t a r g e t  ve- 
hicle tha t  provides  no a c t i v e  assistance t o  the  maneuvering v e h i c l e .  
S imi l a r ly ,  i n  t h e  a rea  of mechanisms, the far-term goal  is t o  develop 
t h e  technology for docking mechanisms tha t  w i l l  produce a u n i v e r s a l  
docking mechanism t h a t  is more robust than cu r ren t  concepts under s tudy.  

A long term goal  of t he  AR&D program is t o  develop ways f o r  coordinat ing -- 

t h e  e f f o r t s  of the d i f f e r e n t  "arenas" so as t o  have synergism between 
t h e  technology efferts cf the  prcc~rrm . r ~ l  tho  EIPPC!~ cf t h e  " s r ~ n ? s "  f n r  
t echno logy  t o  suppor t  them. These a r e n a s  may i n c l u d e  t h e  Mars 
Rover/Sample Return  (MRSR) Mission, Advanced Development I n i t i a t i v e ,  Or- 
b i t a l  Transfer  Vehicle, Block I1 NSTS, S a t e l l i t e  Servicing,  O r b i t a l  Ma- 
neuvering Vehicle, and Space S ta t ion .  It i s  reasonable f o r  t h e  d i f f e ren t  
"arenas" t o  expect t h a t  they not be asked t o  support  an e n t i r e  technol- 
ogy e f f o r t  when they  have a very spec ia l i zed  requirement t h a t  would only 
u s e  a po r t ion  of t h e  developed c a p a b i l i t y .  However, it may be poss ib l e  
t o  i d e n t i f y  s u f f i c i e n t l y  t h e  technology needs of the hardware program 
elements  t o  t a i l o r  t h e  Pa thf inder  technology development t o  s a t i s f y  
the i r  needs and s t i l l  maintain t h e  c o n t i n u i t y  of t h e  Pa th f inde r  AR&D 
program. 

Each arena has d i f f e r e n t  uses f o r  t h e  automated rendezvous and docking - 
c a p a b i l i t y .  It may not  be poss ib le  t o  combine a l l  the  requirements i n t o  . 

one package capable of s a t i s f y i n g  a l l  use r s .  Therefore,  t h e  Pa thf inder  
p r o j e c t  w i l l  develop a set of core  technology t h a t  can then  be used by. 
any of the arenas t o  f u r t h e r  develop t h e i r  d e s i r e d  c a p a b i l i t y .  T h i s  
l e v e l  of cooperation may be all t h a t  i s  requi red  t o  s a t i s f y  the  arenas.  - 
However, i f  a core set of requirements can be developed t h a t  a r e  l a r g e r  
i n  scope, there may be s u f f i c i e n t  synergism and economy of s c a l e  t o  make 
it worthwhile f o r  t h e  arenas t o  assist i n  funding the technology devel- 
opment e f f o r t s  of t he  Pathfinder AR&D.  

Our goal is t o  i d e n t i f y  a core set of requirements t h a t  i s  common t o  a l l  
a renas  and w i l l  s a t i s f y  80% of t h e i r  t o t a l  c a p a b i l i t y  requirements.  If 
an arena wanted t o  have the  c a p a b i l i t y ,  t h e y  would t h e n  be expected t o  
assume r e s p o n s i b i l i t y  for completion of t h e  technology development ef- 
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f o r t  using t h e i r  own resources. A t  t he  same t i m e  each arena w i l l  be en- 
couraged t o  con t r ibu te  some resources t o  t h e  Pa thf inder  ARcD p r o j e c t  t o  
b r i n g  t h e  p r o j e c t  f u r t h e r  along t o  f r u i t i o n  than  i f  Pa th f inde r  AR&D 
funding w e r e  t h e  s o l e  source. T h i s  synergism w i l l  a l l o w  t h e  p r o j e c t  t o  
reach technology demonstration l e v e l  5 on schedule, permi t t ing  the  are- 
n a s  t o  then  p ick  up at l e v e l  5 and continue their own spec ia l i zed  devel- 
opment a c t i v i t i e s .  

Mars Rover Sample Return (MRSR) Mis s fon  (Code E and 2) 

T h e  requirements f o r  t h i s  arena are autonomous operat ion,  high r e l i a b i l -  
i t y ,  w i t h  l o w  weight and volume. Because the  spacec ra f t  w i l l  be t r a v e l -  
ing  t o  and opera t ing  a t  Mars f o r  a lengthy pe r iod  of t i m e  before  con- 
duct ing rendezvous and docking, t h e  system mus t  be highly autonomous and 
reliable. 

Mars/Lunar P i l o t e d  Miss ions  

Mars and lunar  p i l o t e d  missions r equ i r e  automated rendezvous and dock- 
ing c a p a b i l i t y  because of concern about the a b i l i t y  of t h e  crew t o  func- 
t i o n  adequately a f t e r  a prolonged per iod  of reduced g r a v i t y  or weight- 
lessness .  -_  

Advanced Development I n i t i a t i v e ,  Block 11 NSTS ( S h u t t l e  11) and O r b i t a l  
Transfer Vehicle (OT'3) (Code MI 

T h i s  arena r equ i r e s  s impl i f ied  c r e w  i n t e r f a c e s  tha t  minimize t h e  amount 
of i n t e r a c t i o n  t h e  crew must have w i t h  the  veh ic l e .  Moreover, the  AR&D 
s y s t e m  must be capable of in t e r f ac ing  w i t h  t h e  Global Pos i t ion ing  Sa te l -  
l i t e  system t o  determine accurately the range and range rate da ta  neces- 
s a ry  f o r  automated rendezvous and docking. 

S a t e l l i t e  S e r v i c i n g  and Orb i ta l  Maneuvering Vehicle (Code MI 

Sa te l l i t e  s e r v i c i n g  using Shuttle-based and Space Station-based O W ' S  
w i l l  r e q u i r e  superv ised  autonomous rendezvous and docking c a p a b i l i t y  
w i t h  t h e  c r e w  "watching" t h e  rendezvous and docking process  without t a k -  
i n g  an a c t i v e  p a r t  un less  warranted. 

- 

NSTS Enhancements (Code M) 

The requirements fo r  enhancements t o  t h e  e x i s t i n g  NSTS are unknown a t  - 
t h i s  t i m e .  

Space S t a t i o n  (Code S )  

T h e  requirements are unknown a t  t h i s  t i m e .  
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Figure 11 - AR&D development/operational arenas. 
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SECTION 3 

Contracting Plans 

3.1 Ov.rvirw 

Implementation of the Pathfinder ARCD Project will include AR&D 
Systems Engineering and Integration, GNcC and sensor and mechanism 
products from JSC. MSFC will contribute to the development, test- 
ing and demonstration of docking and JPL will contribute to the 
development of advanced guidance and navigation strategies. 

3.2 Industry 

Development of AR&D prototype components will be contracted to in- 
dustry. Early engineering models will be evaluated in NASA labora- 
tory facilities and used to develop concepts for long range AR&D 
planning. 

3.3 Univrrsities 

Opportunities to involve universities or non-profit organizations 
iii =&E technology development will be sought. Possibilities in- 
clude participation in trade studies of alternative sensor tech- 
nologies, assessment of AR&D artificial intelligence applications, 
simulation enhancements and participation in workshops to select 
competing AR&D approaches. 
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SECTION 4 

FACILITIES PLANS 

4 . 1  O v o r v i e w  

Faci l i t ies  used i n  support of Pathf inder  Autonomous Rendezvous and 
Docking (AR&D) f a l l  i n t o  t w o  c l a s s i f i c a t i o n s :  

1. Laboratories and Computing 
2. Demonstration and Test ing faci l i t ies .  

The  P a t h f i n d e r  AR&D p r o j e c t  w i l l  not r e q u i r e  t he  cons t ruc t ion  of 
any new faci l i t ies ,  either for development or f o r  t e s t i n g .  Maximum 
u s e  w i l l  be made of e x i s t i n g  and planned faci l i t ies ,  computational 
resources,  etc.  

While it is poss ib l e  tha t  t he re  might be a l i m i t e d  requirement f o r  
a d d i t i o n a l  computing capaci ty ,  t h e  need w i l l  no t  be on such a 
scale as t o  j u s t i f y  investment i n  a dedicated "brick and mortar" 
f a c i l i t y .  Contractors  involved i n  AR&D support w i l l  be expected t o  
supply t h e  r e q u i s i t e  f l o o r  space and computer hardware resources .  

quirements for  ARhD are small, and AR&D code can be hosted i n  ex- 
i s t i n g  government and cont rac tor  owned machines. Computer fac i l i -  
t ies w i l l  support  the  design, development, and test and s imulat ion 
a c t i v i t i e s  for  ARhD.  Physical  f a c i l i t i e s  w i l l  house test f i x t u r e s  
and related evaluat ion support equipment. 

T h i s  i s  not expected t o  present  any problem i n  t ha t  t h e  t o t a l  re- .- 

AR&D tes t  beds and related f a c i l i t i e s  w i l l  be e s s e n t i a l l y  modifi- 
c a t i o n s  or enhancements t o  e x i s t i n g  fac i l i t i es .  The  m o s t  s i g n i f i -  
can t  resource requi red  by AR&D a r e  t h e  f la t - f loor  f a c i l i t i e s  t h a t  
w i l l  support  eva lua t ions  and demonstrat ions.  These are e x i s t i n g  
f a c i l i t i e s  t h a t  w i l l  be used on a t i m e  sha r ing  basis w i t h  o the r  
tes t  sponsors.  

4 . 2  Laboratories and Computing - 
A very mature base of 6 DOF and 12 DOF s imulat ions capable of sup- 
p o r t i n g  t h e  P a t h f i n d e r  AR&D program i s  a v a i l a b l e  wi th in  NASA. 
These s imula t ions  have been u s e d  t o  develop and test  t h e  per for -  
mance of rendezvous and docking fo r  t h e  Apollo, S h u t t l e ,  OMV and - 
Space S t a t i o n  programs. 

Enhancements t o  e x i s t i n g  sof tware  must be d e f i n e d  t o  suppor t  
Pa th f inde r  AR&D WBS elements such a s  automatic  proximity opera- 
t i o n s ,  a r t i f i c i a l  i n t e l l i g e n c e  a spec t s ,  genera l  purpose guidance 
algorithms, sensor models, planetary veh ic l e  models, and p lane tary  
environment models. 
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After  these enhancements a r e  accomplished 
f i g u r a t i o n s  a r e  e s t a b l i s h e d  and assessed 

and candidate  
there w i l l  be 

AR&D con- 
a need t o  

i n t e g r a t e  AR&D components w i t h  e x i s t i n g  f l i g h t  v e h i c l e s  such as 
NSTS, O W  and expendable vehicles. Very mature s imulat ions of NSTS 
and OMV are a v a i l a b l e  w i t h i n  NASA and should r e a d i l y  accommodate 
f l i g h t  test scenar io  development and performance assessment. 

NASA has made a s i g n i f i c a n t  investment i n  data process ing  equip- 
ment t o  support  genera l  engineer ing t a s k s ,  data base development 
and i n t e r r o g a t i o n ,  project management, and information dissemina-  
t i o n .  An i n t e r c e n t e r  d a t a  communications ne twork  is  also i n  
p lace .  The Pathf inder  ARhD program w i l l  make the maximum poss ib l e  
use of t h i s  e l e c t r o n i c  da ta  processing and communications i n f r a s -  
t r u c t u r e .  

4.3 Demonstration & Tasting Facilities 

For t h e  Pa thf inder  ARCD program, t e s t i n g  begins  f a r  earlier than 
when a phys ica l  test u n i t  i s  a v a i l a b l e .  Tes t ing  and eva lua t ion  of 
GNCC and o t h e r  a p p l i c a t i o n  software and i n t e r f a c e  t e s t i n g  starts 
w i t h  s imulat ions and progresses t o  emulations, or a mixture of em- 
u l a t o r s ,  math models, breadboards, and a c t u a l  f l i g h t  type hard- 
ware. In t h i s  sense,  t he  computational resources are demonstration 
f a c i l i t i e s .  Computational-resources s u f f i c i e n t  t o  meet t h e  needs 
of Pa thf inder  ARCD development are d i s t r i b u t e d  across t h e  var ious  
NASA cen te r s  and among the i r  support cont rac tors .  

F l a t - f loo r s  and a i r  bear ing tables of varying s i z e s  and capab i l i -  
t i e s  are located a t  MSFC and J S C .  Pa thf inder  w i l l  not seek t o  add 
any new flat-floors,  but  rather w i l l  use  e x i s t i n g  ones on a t i m e  
shar ing  basis, funding addi t ions  and enhancements as required.  

Throughout NASA and i t s  associated cont rac tors ,  there e x i s t s  a va- 
r i e t y  of space environment s imulators .  These f ac i l i t i e s  are va r i -  
o u s l y  configured t o  simulate parameters such as t h e  thermal, radi- 
a t i o n ,  or atmospheric environments i n  which t h e  AR&D s y s t e m  must 
perform. S imi l a r ly ,  there  are a v a i l a b l e  a number of accelerated 
t e s t i n g  cel ls  which w i l l  support component l i f e  cyc le  t e s t i n g  i n  
t e r m s  of exposure t o  h o s t i l e  environments, repea ted  o p e r a t i o n a l  
cyc les ,  etc.  A l l  of t hese  f a c i l i t i e s  w i l l  be employed i n  t h e  same 
fa sh ion  as the f l a t - f l o o r s .  AR&D w i l l  approach t h e m  as a tes t  
sponsor, t h u s  avoiding t h e  requirement f o r  a "br ick and mortar" 
investment. 

.- 
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SECTION 5 

In-Spaca Research and Technology 

I 

I 
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Technology fo r  rendezvous and docking of p i l o t e d  space veh ic l e s  is  
very mature and includes h i s t o r i c a l  performance data from actual  
in-space missions.  Trans la t ion  of p i l o t i n g  techniques  t o  accom- 
p l i s h  t h e s e  c r i t i ca l  t a s k s  i n  an autonomous manner, however, i s  
not  s t ra ight  forward. F l igh t  crews who performed these missions 
had e x t e n s i v e  t r a i n i n g  p repa ra t ion  i n  complex man-in-the-loop 
real-time s imula to r s  w i t h  r ea l i s t i c  v i s u a l  p r e s e n t a t i o n s .  Extra- 
veh icu la r - ac t iv i ty  provided a rich c a p a b i l i t y  t o  address  anomalies 
and achieve mission success.  Applicat ion and v e r i f i c a t i o n  of ex- 
p e r t  s y s t e m s  technologies  t o  implement autonomous AR&D opera t ions  
w i l l  r equ i r e  c a r e f u l  planning and performance eva lua t ion .  

P a t h f i n d e r  technologies  must b u i l d  upon the  rich h e r i t a g e  of p i -  
l o t e d  rendezvous and docking experience while providing on-board 
i n t e l l i g e n c e  and ins t rumenta t ion  t o  a s s e s s  anomalies and select 
a l t e r n a t e  means t o  achieve mission o b j e c t i v e s .  Requirements fo r  
redundancy needed t o  achieve long-term p l a n e t a r y  mission objec- 

chanica l  systems must be -developed and, t o  the e x t e n t  poss ib l e ,  
demonstrated i n  an  in-space environment t h a t  i nc ludes  r e a l i s t i c  
l i g h t i n g  and thermal effects. 

t ives which include long periods of dormancy of e l e c t r o n i c  and me- - 

As NASA t r a n s i t i o n s  t o  a mixed fleet capab i l i t y ,  there w i l l . b e  op- 
p o r t u n i t i e s  t o  d e f i n e  in-space research and technology f l i g h t  
demonstrations us ing  the NSTS, O W ,  Space S t a t i o n  and expendable 
veh ic l e s  t o  b u i l d  s u f f i c i e n t  confidence t o  commit t h e  very c o s t l y  
veh ic l e s  and s y s t e m s  t h a t  w i l l  be requi red  for p l a n e t a r y  explo- 
r a t i o n  t o  a m i s s i o n .  

T h e  management s t r u c t u r e  adopted f o r  Pathf inder  p r o j e c t s  w i l l  be a 
key f a c t o r  i n  c a p i t a l i z i n g  on high leverage oppor tun i t i e s  f o r  syn-  
ergism between d iverse  NASA programs. 

SECTION 6 

Technology Transfer Planning 

TBS 

25 



AP PElD IX 

code Rc 
Program 

Mgr - 

PROGRAn ROLES, RESPONSIBILITIES, AND ACCOUNTABILITY 

Intercenter WG 

A Lead Center management organizat ion s t r u c t u r e  has been proposed 
t o  manage the  Pa th f inde r  Automated Rendezvous and Docking (AR&D) 
Project. T h i s  t ype  of management s t r u c t u r e  i s  w e l l  s u i t e d  for  
d e f i n i n g  and c o n t r o l l i n g  these types of research and technology 
p r o j e c t s .  Code RC has been designated the overall Program Manager 
for the  Pa thf inder  AR&D e f f o r t ,  wi th  an i n t e r c e n t e r  working group 
respons ib le  for def in ing  and planning t h e  i n i t i a l  e f fo r t  and serv- 
i n g  as a s t e e r i n g  committee. JSC has been designated as t h e  Lead 
Center f o r  managing t h e  e f f o r t  and providing t h e  t e c h n i c a l  coordi- 
na t ion  w i t h  NASA HQ and t h e  other  p a r t i c i p a t i n g  cen te r s .  

Figure B.l shows the  management s t r u c t u r e  t ha t  has been selected. 

SEL I 
I Ames, LaRC I 

*Matrixing of tasks -&Deal Process 
-Technical Coord. 

and resources. 
Products 

e *  

*Review of changes to 
baseline task/resource , Mm alloiations. 

Products Industry 
Univ . 

Figure B . l  - Management Structure for Pathfinder ARhD Project. 

NASA HQ (Code RC) 

Code RC i s  t h e  l i a i s o n  between t h e  Lead Center and L e  f , s ca l  
agents  within NASA Headquarters t o  coordinate  t h e  budget requi re -  
ments of t h e  ARCD P r o j e c t .  They provide o v e r a l l  management guid- 
ance and ensure t h a t  t he  objec t ives  of t h e  ARCD p r o j e c t  are com- 
p a t i b l e  w i t h  t h e  o v e r a l l  needs of Code RC and NASA. They a l s o  
func t ion  as l i a i s o n  b e t w e e n  t h e  Lead Center and o ther  codes a t  
NASA HQ. 
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Intorcontor Working Group Steering Committor 1 .  
The I n t e r c e n t e r  Working Group (S tee r ing  Committee). func t ions  as 
the p r o j e c t  conscience i n  resolving disagreements between the  d i f -  
f e r e n t  c e n t e r s  concerning the  t a s k  and resource  a l l o c a t i o n s .  I t  
c o n s i s t s  of r ep resen ta t ives  from each of the  p a r t i c i p a t i n g  and in- 
terested c e n t e r s  and acts as an advisor  t o  the  Program Manager a t  
Code RC. 

Johnson Space Centor ( J S C )  1 
J S C  func t ions  as the Lead Center i n  providing day-to-day manage- 
ment of t h e  conduct of t h e  AR&D p r o j e c t .  They a l s o  recommend re- 
source and task  a l l o c a t i o n s  t o  Code RC t o  m o s t  e f f e c t i v e l y  u t i l i z e  
NASA resources  and c a p a b i l i t i e s .  They w i l l  d e f ine  the  d i f f e r e n t  
system and a r t i f i c i a l  i n t e l l i g e n c e  requirements,  develop the re- 
quired sensors ,  docking mechanisms, and proximity opera t ions  algo- 
rithms. 

Marshall Space Flight Cmntor (MSFC) 

MSFC, as a p a r t i c i p a t i n g  center, w i l l  lead development of docking 
algori thms and w i l l  p a r t i c i p a t e  i n  ground demonstrations of dock- 
ing  mechanisms. They w i l l  manage t h e  appropr ia te  technology devel- 
opment efforts within t h e i r  a reas  of r e s p o n s i b i l i t y .  

Jet Propulsion Laboratory (JPL) 

JTL, as a p a r t i c i p a t i n g  center,  w i l l  formulate t h e  Battin-Vaughan- 
L a m b e r t  (B-V-L) GNhC algorithm as p a r t  of t h e  o v e r a l l  GNCC i n t e -  
g r a t i o n  e f f o r t .  They w i l l  manage t h e  appropr i a t e  technology de- 
velopment effor ts  w i t h i n  t he i r  a r eas  of r e s p o n s i b i l i t y .  

Ames Research Centor (ARC) and Langley Research Center 
(LaRC) 

Ames Research Center (ARC) and Langley Research Center (LaRC) w i l l  
p a r t i c i p a t e  as p a r t  of t h e  In te rcenter  Working Group S tee r ing  Com- 
m i t t e e .  

Industry 

Industry con t r ac to r s  w i l l  p a r t i c i p a t e  a s  appropr ia te ,  according t o  
those e f f o r t s  they  propose tha t  are approved and funded by the  ap- 
p r o p r i a t e  NASA p a r t i c i p a t i n g  or i n t e r e s t e d  c e n t e r s .  They w i l l  i m -  
plement AR&D engineering components. 

Universities 

U n i v e r s i t i e s  may p a r t i c i p a t e  a s  appropr i a t e ,  according t o  those  
programs t h e y  propose t h a t  a re  approved and funded by  t h e  appro- 
p r i a t e  NASA p a r t i c i p a t i n g  or in te res ted  centers. They may p a r t i c i -  
p a t e  i n  development of a r t i f i c i a l  i n t e l l i g e n c e  t e c h n i q u e s  imple- 
mentation, and a t  technology workshops. 
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NASA/BQ (Code RC) 

Code RC i s  responsible  f o r  the o v e r a l l  management of t h e  ARCD P ro -  
gram. They are responsible  for guiding budget reques ts  through t h e  
necessary coordinat ion process, and for  t r a n s f e r r i n g  the r e s u l t a n t  
resource a l l o c a t i o n  t o  each c e n t e r  fo r  subsequent a l l o c a t i o n  t o  
t h e  d i f f e r e n t  t a s k s .  The A R h D  Program Manager w i l l  chair S tee r ing  
Committee meetings and a c t  upon t h e i r  advisory recommendations a s  
appropr ia te .  

Johnson Space Contor (JSC) 

JSC, as t h e  Lead Center, i s  responsible  for t h e  p r o j e c t  management 
of the technology effor ts  of JSC and t h e  other p a r t i c i p a t i n g  ten- 
ters.  They w i l l  provide t h e  t e c h n i c a l  coord ina t ion  between t h e  
p a r t i c i p a t i n g  c e n t e r s '  technology e f f o r t s  and recommend resource 
and t a s k  a l l o c a t i o n s  t o  Code RC. J S C  i s  responsible  fo r  making a l l  
r e p o r t s  t o  NASA HQ on t h e  progress of the technology e f f o r t s ,  and 
w i l l  t rack schedules and progress  aga ins t  agreed upon milestones.  

ensure q u a l i t y  products  i n  a t imely  manner. JSC shal l  have a rep- 
r e s e n t a t i v e  on the In te rcenter  Working Group Steer ing  Committee. 

Marshall Space alight Conter (MSPC) 

MSFC i s  respons ib le  f o r  managing t h e  research t a s k s  ass igned  t o  
them wi th in  t h e  budget and t i m e  c o n s t r a i n t s  s p e l l e d  out  i n  t h e  
AR&D P r o j e c t  Plan.  They w i l l  provide t h e  d e l i v e r a b l e s  c a l l e d  for 
i n  t h e  ARCD Pro jec t  Plan.  MSFC sha l l  have a r ep resen ta t ive  on the  
I n t e r c e n t e r  Working Group Steer ing Committee. 

They w i l l  manage t h e  scheduling of deliverables and t a s k s  so as t o  -_ 

Jet Propulsion Laboratory (JPL) 

J P L  i s  r e spons ib l e  f o r  managing t h e  research t a s k s  a s s igned  t o  
t h e m  wi th in  t h e  budget and t i m e  c o n s t r a i n t s  s p e l l e d  o u t  i n  the 
ARCD P r o j e c t  Plan.  They w i l l  provide the d e l i v e r a b l e s  called for 
i n  t h e  ARCD Project Plan.  JPL s h a l l  have a r e p r e s e n t a t i v e  on the  
In t e rcen te r  Working Group Steer ing Committee. 

Ames Research Center (ARC) 

As an i n t e r e s t e d  cen te r ,  A R C  may propose related technology ef-  
f o r t s  f o r  funding within the AR&D Program i n  later years .  For ef- 
f o r t s  t h a t  are funded, ARC w i l l  become a p a r t i c i p a t i n g  c e n t e r  and 
w i l l  be respons ib le  f o r  managing t h e  research t a s k s  t h e y  a r e  as-  
signed within t h e  budget and t i m e  c o n s t r a i n t s  of t h e  Project Plan. 
ARC s h a l l  have a r ep resen ta t ive  on t h e  I n t e r c e n t e r  Working Group 
Steer ing  Committee. 
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Langley Research Contor ( L a c )  

As an i n t e r e s t e d  cen te r ,  LaRC may propose related technology ef- 
for ts  f o r  funding within the  ARhD Program i n  la ter  years .  For ef- 
for ts  that  are funded, LaRC w i l l  become a p a r t i c i p a t i n g  cen te r  and 
w i l l  be respons ib le  fo r  managing t h e  research tasks they  are as- 
signed within the budget and t i m e  c o n s t r a i n t s  of the  Project Plan. 
LaRC sha l l  have a representa t ive  on t h e  I n t e r c e n t e r  Working Group 
Steer ing  Committee. 

Industry 

Indus t ry  proposals  t h a t  are funded w i l l  be managed by t h e  appro- 
p r i a t e  con t r ac t ing  cen te r .  These e f for t s  should support  t h e  tech- 
nology tasks t h a t  are t h e  r e spons ib i l i t y  of the  p a r t i c i p a t i n g  cen- 
ters. Where these e f f o r t s  are cont rac tor  IRhD e f f o r t s ,  they  should 
be coord ina ted  w i t h  t h e  center t h a t  has  r e s p o n s i b i l i t y  f o r  t h e  
technology development i n  t h a t  area. Indus t ry  is  t o  be encouraged 
t o  p a r t i c i p a t e  i n  t h i s  program t o  the maximum ex ten t  poss ib l e .  

Univorsities 

-_ 
Unive r s i ty  p a r t i c i p a t i o n  i n  t h i s  p r o j e c t  i s  t o  be encouraged t o  
the maximum ex ten t  poss ib le  so as t o  b r ing  research ideas t o  tech- 
nology level 5 as  e a r l y  as poss ib l e .  U n i v e r s i t i e s  should propose 
research efforts t h a t  support the  o b j e c t i v e s  of t h i s  p r o j e c t  t o  
make maximum u s e  of ideas .Univers i ty  research e f f o r t s  should be 
directed toward t h e  NASA cen te r  r e spons ib l e  fo r  t h e  a p p l i c a b l e  
technology area. 

The AR&D Program Manager s h a l l  provide t h e  budget a l l o c a t i o n s  as 
agreed t o  i n  t h e  approved P r o j e c t  Plan for  d i s t r i b u t i o n  t o  t h e  ap- 
p r o p r i a t e  t a sks .  H e  sha l l  also provide management guidance as t o  
project ob jec t ives  and coordinate between t h e  p r o j e c t  and t h e  var- 

for t s .  
i o u s  NASA HQ o rgan iza t ions  needed t o  support  t he  technology ef- - 

J S C ,  as t h e  Lead Center, i s  respons ib le  t o  NASA HQ (Code RC) fo r  
t h e  t e c h n i c a l  conten t  of t h e  AR&D p r o j e c t ,  and f o r  meeting t h e  
schedules and r epor t ing  requirements of the ARCD Program Manager. 
They sha l l  ensure t h a t  a l l  technica l  effor ts  under t h e  auspices  of 
t h e  p r o j e c t  a r e  sa t i s f ied  w i t h i n  t h e  budget and t i m e  c o n s t r a i n t s  
of t h e  approved Pro jec t  Plan.  

MSFC and JPL, as t h e  p a r t i c i p a t i n g  centers , '  a r e  respons ib le  t o  J S C  
f o r  the  technical  content  of the e f f o r t s  under the  management re- 
s p o n s i b i l i t y .  They w i l l  manage t h e i r  resources  wi th in  t h e  budget 
a l l o c a t i o n s  and t i m e  cons t r a in t s  s p e l l e d  out  i n  t h e  approved AR&D 
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Pro jec t  Plan.  Del iverables  and requi red  r e p o r t s  w i l l  be submi t t ed  
t o  J S C  for coordinat ion w i t h  Code RC. 

I n  cases  of disagreement between the  Lead Center  and one o r  more 
p a r t i c i p a t i n g  center ,  the  issue may be reported t o  t h e  I n t e r c e n t e r  
Working Group S tee r ing  Committee. The I n t e r c e n t e r  Working Group 
S tee r ing  Committee w i l l  l i s t e n  to t h e  i s s u e s  involved and make a 
recommendation to the ARhD Program Manager. 
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